Introduction: Symptomatic intracranial hemorrhage represents one of the most feared complications of endovascular reperfusion. We aim to describe a series of patients that experienced immediate reperfusion injury with active intraprocedural extravasation within the territory of the deep penetrating arteries and provide real-time correlation with CT "spot sign." Methods: This was a retrospective analysis of patients that suffered reperfusion injury with active arterial extravasation during endovascular stroke treatment in two tertiary care centers. Results: Five patients were identified. Median age was 63 (58-71) years, 66% were male. Median NIHSS was 13.5 (9.5-23.0), platelet level 212,000 (142,000-235,000), baseline systolic blood pressure 152 (133-201) mm Hg, and non-contrast CT ASPECTS 7.0 (6.5-9.0). Two patients were taking aspirin and one had received intravenous thrombolysis. There were three middle cerebral artery M1, one internal carotid artery terminus, and one vertebrobasilar junction occlusion. Three patients had anterior circulation tandem occlusions. Stroke etiology was extracranial atherosclerosis (n = 2), intracranial atherosclerosis (n = 2), and cervical dissection (n = 1). The median time from onset to puncture was 5.5 (3.9-8.6) h. Intravenous heparin was administered in all patients (median dose of 4,750 [3, ,000] units) and intravenous abciximab in four. All tandem cases had the cervical lesion addressed first. Four lenticulostriates and one paramedian pontine artery were involved. Intraprocedural flat-panel CT was performed in four (80%) cases and provided real-time correlation between the active contrast extravasation and the "spot sign." The bailout included use of protamine, blood pressure control, and balloon guide catheter or intracranial compliant balloon inflation plus coiling of targeted vessel. All patients had angiographic cessation of bleeding at the end of the procedure with parenchymal hemorrhage type 1 in one case and type 2 in four. Three patients had modified Rankin score of 4 and two were dead at 90 days. Conclusions: Active reperfusion hemorrhage involving perforator arteries was observed to correlate with the CT "spot sign" and to be associated with poor outcomes.
Introduction
Although the pathophysiology of reperfusion hemorrhage is not completely understood, a key feature is believed to be related to brain-blood barrier (BBB) breakdown [1] . Ischemia and reperfusion generate BBB disruption by hyperemia, oxidative stress and inflammation, predisposing patients to hemorrhagic transformation [2] . We here report the first series of intraprocedural reperfusion intraparenchymal hemorrhage during endovascular treatment for large vessel occlusion strokes and provide real-time correlation between active angiographic contrast extravasation and the CT "spot sign."
Methods
This was a retrospective analysis of consecutive patients that suffered immediate reperfusion injury with active perforator artery extravasation during endovascular treatment for large vessel occlusion acute ischemic stroke in two tertiary care centers. Intraprocedural flat-panel CT (Allura Xper FD20/20 biplane neuro X-ray system, Philips, The Netherlands) was performed in four cases during the period of active contrast extravasation on angiography. Spot sign was defined by (1) a focus of contrast pooling within the intracerebral hemorrhage, (2) CT density of ≥120 Hounsfield units, (3) discontinuous from a blood vessel adjacent to the hematoma [3, 4] , and (4) angiographic images ruling out micro-arteriovenous malformation, Moyamoya disease/syndrome, arteriovenous fistula. Spot sign mimics such as tumors and choroidal plexus had to be ruled out by follow-up imaging. Continuous variables are reported as median (IQR). Categorical variables are reported as proportions. The local Institutional Review Board waived the need for patient consent and approved the study.
Results
Five patients were identified. Baseline characteristics are described in Table 1 . In summary, median age was 63 (58-71) years, 66% were male, median NIHSS was 13.5 (9.5-23.0), platelet level 212,000 (142,000-235,000), baseline systolic blood pressure 152 (133-201) mm Hg, and non-contrast CT ASPECTS 7.0 (6.5-9.0). Two patients were taking aspirin and none was under anticoagulation. One patient had received intravenous (IV) thrombolysis (and another patient received only 10% of the total alteplase dose). There were three middle cerebral artery M1, one internal carotid artery terminus, and one vertebrobasilar junction occlusion. Three patients had anterior circulation tandem occlusions. Stroke etiology was extracranial atherosclerosis (n = 2), intracranial atherosclerosis (n = 2), and cervical dissection (n = 1).
The detailed procedural variables are shown in Table 2 . The median time from onset to puncture was 5.5 (3.9-8.6) h. IV heparin was administered in all patients for a median dose of 4,750 (3,250-6,000) units and four patients received additional IV abciximab. The proce- dural course in all cases with tandem occlusions involved the treating the cervical lesion first. In no cases the wire was observed to be extraluminal and in all cases the site of contrast extravasation was remote from the catheterized sites. The angiographic findings of active hemorrhage were all subtle, involved the distal aspect of a perforator, and were documented in the first angiographic run after reperfusion (Fig. 1, Fig. 2, Fig. 3 ; online suppl. video, see www.karger.com/doi/10.1159/000488084). A flat-panel intraprocedural CT demonstrated a spot sign in all patients, which corresponded topographically to the perforating artery with active extravasation on angiography.
The bailout maneuvers and radiological and clinical outcomes are described in Table 3 . Four lenticulostriates and one paramedian pontine artery were involved. The bailout included use of protamine, blood pressure control, intermittent inflation of the balloon guide catheter in the cervical internal carotid, or a compliant balloon plus coiling of targeted vessel. All patients had resolution of active extravasation by the end of the angiographic procedure. Parenchymal hemorrhage type 1 was observed in one case and type 2 in four on follow-up imaging. Only one patient (Fig. 1) expanded the hemorrhage on follow-up scan. Three patients had modified Rankin score of 4 and two were dead at 90 days. 
Discussion
We report five cases of active reperfusion hemorrhage during endovascular treatment. All events involved perforator arteries and were documented with angiography with concomitant flat-panel CT imaging in four cases. Despite achieving complete bleeding control, outcomes were poor.
The "spot sign" was described nearly 20 years ago as a small area of high-density material on CTA within the intraparenchymal hematoma [5, 6] . It has been suggested to indicate extravasation of blood intermixed with contrast within the hematoma, and demonstrated to predict hematoma expansion in patients with intracerebral hemorrhage [3, 7] . To our knowledge, this is the first report of active extravasation of perforators by conventional angiography with real-time demonstration of the "spot sign," which validates the long-standing belief that this sign reflects ongoing bleeding.
The reperfusion injury mechanism that most likely explains the intraoperative hemorrhage is reactive hyperemia, which is related to the impaired vasomotor reactivity/autoregulation after reperfusion. Hyperemia is an acute elevation of regional cerebral blood flow with generation of further BBB disruption [2, 8] . This is compatible with the previously reported findings of improved levels of reperfusion being correlated to more pronounced BBB disturbance [9] .
Ischemia generates endothelial dysfunction and degradation of the basal lamina [1] . Moreover, post-ischemic reperfusion generates a surge of oxygen in the ischemic area and enhances the production of free radicals and release of proteases from endothelial cells, astrocytes, microglia, and neurons, which further aggravates the injury to the neurovascular unit [1] . The oxidative stress has been described to develop 3-8 h post reperfusion, therefore not characterizing itself as a major variable in the currently reported intraoperative reperfusion hemorrhages [10] .
Thrombectomy has been demonstrated safe (e.g., comparable rates of hemorrhagic transformation) in the setting of effective/active anticoagulation [11, 12] . A discernable shared feature of the described patients was the use of aggressive antithrombotics. The use of IV heparin during thrombectomy in association with intra-arterial thrombolysis has been associated with higher chances of intracranial hemorrhage [13] . Interestingly, heparin has been consistently described as safe during mechanical thrombectomy, even with modern stent-retriever technology [14] [15] [16] . The higher median dose of heparin in the present series as compared to the other studies and the use of IV glycoprotein IIbIIIa inhibitors may have contributed to the development of hemorrhage.
Controlling the blood pressure has been suggested to minimize the chances of hemorrhagic transformation after thrombectomy [17] . A 10 mm Hg increment in maximum systolic blood pressure documented during the first 24 h post procedure has been independently associated with a lower likelihood of functional independence and higher odds of mortality at 3 months [18] . Therefore, aggressively controlling the blood pressure is a very reasonable action after reperfusion. Blood pressure control through IV antihypertensives was used in 3 cases of the present series as part of the bailout. The use of balloon guide catheter allowed immediate internal carotid flow arrest; the use of the balloon guide or a compliant balloon were safely used to perform intermittent inflation/deflation and attenuate the hyperemic flow response.
Thrombectomy is associated with a low risk of reperfusion hemorrhages; parenchymal hematomas type 2 were observed in 5.1% of the interventional arm as compared to 5.3% in the medical management group in a meta-analysis including five recent randomized thrombectomy trials [19] . Hemorrhages are typically caused by reperfusion injury but can also be generated by iatrogenesis (such as a microwire perforation), which is much less common and was not observed in the present series. Contrast has been speculated to potentially have a chemotoxic effect in the disrupted BBB [2, 20] . However, the impact of this theoretical effect in immediate hemorrhage from reperfusion may not be significantly relevant. This study has limitations inherent to its retrospective nature.
Conclusions
Active reperfusion hemorrhage involving perforator arteries was observed to correlate with the CT "spot sign" and to be associated with poor outcomes despite eventual control of the bleeding.
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